3-(1H-Benzimidazol-2-yl)-4-[(phenyl and 4-substituted phenyl)amino]butanohydrazides were synthesized in good yields by treating the corresponding 4-(1H-benzimidazol-2-yl)-1-phenyl(substituted phenyl)-2-pyrrolidinones with the excess of hydrazine monohydrate. The utility of the newly synthesized hydrazides in the preparation of pyrroles, pyrazoles, oxadiazoles and triazoles has been demonstrated. All compounds were screened for their antibacterial activity. A significant antibacterial activity was found.
INTRODUCTION
The synthesis of substituted benzimidazole derivatives is of considerable importance, because most of these compounds have a promising biological activity [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . Also, the compounds whose molecules possess an azole ring, such as pyrrole [11] [12] [13] , 1,3,4-oxadiazole [14] [15] [16] [17] [18] [19] and 1,2,4-triazole [19] [20] [21] [22] [23] , are often characterized as good antimicrobial agents. In our previous works [24] [25] [26] [27] , we have reported that the heating under reflux of 4-(1H-benzimidazol-2-yl)-1-(substituted phenyl)pyrrolidin-2-ones in a 20% aqueous sodium hydroxide solution leads to the opening of the 2-pyrrolidinone cycle, followed by the formation of sodium salts of the corresponding N-substituted γ-amino acids. These acids are obtained by acidifying the corresponding salt solutions with acetic acid and can be easily cyclized to the initial pyrrolidin-2-ones under the influence of heat or mineral acids. Therefore, the hydrazides of γ-amino acids, which are used for the synthesis of heterocyclic compounds, were obtained by heating them for a long time under reflux with hydrazine monohydrate in toluene, using the azeotropic water separation. ) were recorded on a PerkinElmer Spectrum Bx FT-IR spectrometer using KBr tablets. Elemental analyses were performed with a CE-440 elemental analyzer. Melting points were determined with a B-540 Melting Point Analyzer (Buchi Corporation, USA) and are uncorrected. Mass spectra were measured with Xevo TQ-S and Bruker maXis 4G mass spectrometers.
General procedure for the preparation of 3-(1H-benzimidazol-2-yl)-4-[(4-substituted phenyl)amino]butanohydrazides (2a-e)
A mixture of 1a-e (1 mmol) and 4 mL of hydrazine monohydrate (30 mmol) was heated at reflux for 1 h. Then the reaction mixture was cooled to room temperature and diluted with 40 mL of H 2 O. The precipitate was filtered off, washed with water, and dried. All products were purified by recrystallization from water. 
3-(1H-Benzimidazol-2-yl)-4-(phenylamino)butanohydrazide (2a)
.
3-(1H-Benzimidazol-2-yl)-4-[(4-methylphenyl)-amino]butanohydrazide (2b)
1-Phenyl-4-{1-[(5-thioxo-4,5-dihydro-1,3,4-oxadiazol-2-yl)methyl]-1H-benzimidazol-2-yl}pyrro-lidin-2-one (6).
A mixture of KOH (0.17 g, 3 mmol), 10 mL of methanol and CS 2 (0.18 mL, 3 mmol) was stirred at room temperature for 20 min. Afterwards, compound 4 (0.35 g, 1 mmol), dissolved in 20 mL methanol, was added into the mixture, and the obtained reaction mixture was heated at reflux for 8 h. The cooled reaction mixture was diluted with diethyl ether 60 mL, the precipitate was filtered off, washed with diethyl ether and dissolved in 10 mL H 2 O. The solution was acidified with HCl to pH 2. The precipitate was filtered off, washed with water and recrystallized from methanol to afford a white solid, yield 0.27 g (69%), mp 164-165°C; IR (KBr): 3071, 1703 cm 
4-{1-[(4-Amino-5-thioxo-4,5-dihydro-1H-1,2,4-triazol-3-yl)methyl]-1H-benzimidazol-2-yl}-1-phenylpyrrolidin-2-one (7).
A mixture of KOH (0.17 g, 3 mmol), 10 mL methanol and CS 2 (0.18 mL, 3 mmol) was stirred at room temperature for 20 min. Afterwards, compound 4 (0.35 g, 1 mmol), dissolved in 10 mL of methanol, was added into the mixture, and the obtained reaction mixture was heated at reflux for 8 h. The cooled reaction mixture was diluted with diethyl ether 60 mL, the precipitate was filtered off, washed with diethyl ether and dissolved in 10 mL of hydrazine monohydrate. The solution was heated at reflux for 20 h. The reaction mixture was cooled down, diluted with 20 mL of water and acidified with acetic acid to pH 6. The precipitate was filtered off and recrystallized from water to afford a white solid, yield 0.25 g (62%), mp 162-163°C; IR (KBr): 3169, 3054, 2971, 1652 cm 
N-(2,5-Dimethyl-1H-pyrrol-1-yl)-2-[2-(1-phenyl-

5-oxopyrrolidin-3-yl)-1H-benzimidazol-1-yl]acetamide (8).
A mixture of 4 (0.35 g, 1 mmol), hexane-2,5-dione (0.29 g, 2.5 mmol), 30 mL of propan-2-ol and 1 mL acetic acid was heated at reflux for 4 h. Afterwards, 100 mL of cold water was added to the reaction mixture. The precipitate was filtered off and recrystallized from propan-2-ol to afford a white solid, yield 0.34 g (80%), mp 219-220°C; IR (KBr): 3199, 1679 cm 
4-{1-[(4-Phenyl-5-thioxo-4,5-dihydro-1H-1,2,4-triazol-3-yl)methyl]-1H-benzimidazol-2-yl}-1-phenylpyrrolidin-2-one (10).
A mixture of 9 (0.48 g, 1 mmol) in 20 mL of a 5% aqueous NaOH solution was heated at reflux for 1 h. Then the reaction mixture was cooled to room temperature and acidified with HCl to pH 2. ]-1,3,4-oxadiazole-2(3H)-thione (11) . A mixture of KOH (0.17 g, 3 mmol), 10 mL of methanol and CS 2 (0.18 mL, 3 mmol) was stirred at room temperature for 20 min. Afterwards, compound 2a (0.30 g, 1 mmol), dissolved in 20 mL of methanol, was added into the mixture, and the obtained reaction mixture was heated at reflux for 8 h. The cooled reaction mixture was diluted with diethyl ether (60 mL), the precipitate was filtered off, washed with diethyl ether and dissolved in 10 mL of H 2 O. The solution was acidified with HCl to pH 2. The precipitate was filtered off and recrystallized from methanol to afford a white solid, yield 0.25 g (71%), mp 172-173°C; IR (KBr): 3051, 2920, 1602 cm 
4-Amino-5-[2-(1H-benzimidazol-2-yl)-3-(phenylamino)propyl]-2,4-dihydro-3H-1,2,4-triazole-3-thione (12).
A mixture of KOH (0.17 g, 3 mmol), 10 mL of methanol and CS 2 (0.18 mL, 3 mmol) was stirred at room temperature for 20 min. Afterwards, compound 2a (0.30 g, 1 mmol), dissolved in 10 mL of methanol, was added into the mixture, and the obtained reaction mixture was heated at reflux for 8 h. The cooled reaction mixture was diluted with diethyl ether 60 mL, the precipitate was filtered off, washed with diethyl ether and dissolved in 10 mL of hydrazine monohydrate. The solution was heated at reflux for 20 h. The reaction mixture was cooled to room temperature, diluted with 20 mL of water, and acidified with acetic acid to pH 6. The precipitate was filtered off and recrystallized from water to afford a white solid, yield 0. 3-(1H-Benzimidazol-2-yl)-N-(2,5-dimethyl-1H-pyrrol-1-yl)-4-(phenylamino)butanamide (13) . A mixture of 0.30 g 2a (1 mmol), hexane-2,5-dione (0.25 mL, 2 mmol), 0.5 mL glacial acetic acid and 15 mL of propan-2-ol was heated at reflux for 2 h, the liquid fractions were removed under reduced pressure, the residue was diluted with 20 mL of water, and the solution was heated to a gentle boil. The precipitate was filtered off, washed with water, dried and recrystallized from propan-2-ol to afford a white solid, yield 0.35 g (90%), mp 232-233°C; IR (KBr): 3410, 3202, 1681 cm 
2-[3-(1H-Benzimidazol-2-yl)-4-(phenylamino)-butanoyl]-N-phenylhydrazine-1-carbothioamide (14)
. Phenyl isothiocyanate (0.18 mL 1.5 mmol) was added dropwise to the solution of 2a (0.30 g, 1 mmol) in 30 mL of 1,4-dioxane, and the reaction mixture was heated at reflux for 4 h. Then it was cooled to room temperature and diluted with 50 mL of H 2 O. The precipitate was filtered off, washed with water and recrystallized from methanol to afford a white solid, yield 0. 
5-[2-(1H-Benzimidazol-2-yl)-3-(phenylamino) propyl]-4-phenyl-2,4-dihydro-3H-1,2,4-triazole-3-thione (15).
A mixture of 9 (0.43 g, 1 mmol) in 20 mL of the 5% aqueous NaOH solution was heated at reflux for 1 h. Then the reaction mixture was cooled to room temperature and acidified with HCl to pH 2. The precipitate was filtered off, washed with water and recrystallized from methanol to afford a white solid, yield 0.37 g (87%), mp 149-150°C; IR (KBr): 3051, 2920, cm 5-thioxo-4,5-dihydro-1,3,4-oxadiazol-2-yl)methyl]-1H-benzimidazol-2-yl}  propyl]-1,3,4-oxadiazole-2(3H)-thione (16) . A mixture of KOH (0.17 g, 3 mmol), 10 mL of methanol and CS 2 (0.18 mL, 3 mmol) was stirred at room temperature for 20 min. Afterwards, compound 5 (0.38 g, 1 mmol), dissolved in 20 mL of methanol, was added into the mixture, and the obtained reaction mixture was heated at reflux for 8 h. The cooled reaction mixture was diluted with diethyl ether 60 mL, the precipitate was filtered off, washed with diethyl ether and dissolved in 10 mL of H 2 O. The solution was acidified with HCl to pH 2. The precipitate was filtered off, washed with water and recrystallized from methanol to afford a white solid, yield 0.32 g (69%), mp 183-184°C; IR (KBr): 3398, 3261, 2967, 2853 cm 
4-Amino-5-({2-[1-(4-amino-5-thioxo-4,5-dihydro-1H-1,2,4-triazol-3-yl)-3-(phenylamino) propan-2-yl]-1H-benzimidazol-1-yl}methyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione (17).
A mixture of KOH (0.17 g, 3 mmol), 10 mL of methanol and CS 2 (0.18 mL, 3 mmol) was stirred at room temperature for 20 min. Afterwards, compound 5 (0.38 g, 1 mmol), dissolved in 10 mL of methanol, was added into the mixture, and the obtained reaction mixture was heated at reflux for 8 h. The cooled reaction mixture was diluted with 60 mL of diethyl ether, the precipitate was filtered off, washed with diethyl ether and dissolved in 10 mL hydrazine monohydrate. The solution was heated at reflux for 20 h. The reaction mixture was cooled to room temperature, diluted with 20 mL of water and acidified with acetic acid to pH 6. The precipitate was filtered off and recrystallized from water to afford a white solid, yield 0. N-(2,5-Dimethyl-1H-pyrrol-1-yl)-3-(1-{2-[(2,5-dimethyl-1H-pyrrol-1-yl)amino]-2-oxoethyl}-1H-benzimidazol-2-yl)-4-(phenylamino)butanamide  (18). A mixture of 5 (0.38 g, 1 mmol) , hexane-2,5-dione (0.48 g, 5 mmol), 30 mL of propan-2-ol and 1 mL of acetic acid was heated at reflux for 4 h. Afterwards, 50 mL of cold water were added. The precipitate was isolated by filtration and recrystallization from propan-2-ol to afford a white solid, yield 0.48 g (89%), mp 147-148°C; IR (KBr): 3268, 2921, 1681 cm 
2-[2-{2-(4-Oxo-1-(phenylamino)-4-[2-(phenylcarbamothioyl)hydrazinyl]butan-2-yl)-1H-benzimidazol-1-yl}acetyl]-N-phenylhydrazine-1-carbothioamide (19).
Phenyl isothiocyanate (0.36 mL 3 mmol) was added dropwise to the solution of 5 (0.38 g, 1 mmol) in 30 mL of 1,4-dioxane, and the reaction mixture was heated at reflux for 6 h. Then it was cooled to room temperature and diluted with 60 mL of water. The precipitate was filtered off, washed with water and recrystallized from methanol to afford a white solid, yield 0.56 g (86%), mp 169-170°C; IR (KBr): 3213, 3112, 2939, 1598 cm 1H-1,2,4-triazol-3-yl]-3-(phenylamino)-propan-2-yl)-1H-benzimidazol-1-yl]methyl}-2,4-dihydro-3H-1,2,4-triazole-3-thione (20) . A mixture of 19 (0.65 g, 1 mmol) in 20 mL of the 5% aqueous NaOH solution was heated at reflux for 1 h. Then the reaction mixture was cooled down and acidified with HCl to pH 2. The precipitate was filtered off, washed with water and recrystallized from methanol to afford a white solid, yield 0. 3 were prepared for each sample. The test organisms (100 µL) were added to each tube and incubated at 37°C for 24 h. At the end of this period, a small amount of the diluted mixture from each tube was pulled out and spread on the TSA. The plates were incubated at 37°C for 48 h. The growth of bacterial cells was observed on agar plates. The lowest concentration of the bacterial material, at which no growth was observed, was considered as the minimum bactericidal concentration (MBC) value [30] . The minimum inhibitory concentration (MIC) is the lowest concentration of an antimicrobial that inhibits the visible growth of a microorganism after overnight incubation. Oxytetracycline inoculated with the test bacteria S. aureus, E. coli, P. aeruginosa and B. cereus in the tubes and plates was used as a control for antibacterial activity screening. The growth of the test microorganism cells was observed on agar plates.
RESULTS AND DISCUSSION
Chemistry
In this work, we have determined that 3-(1H-benzimidazol-2-yl)-4-[(phenyl and 4-substituted phenyl)amino] butanohydrazides (2a-f) can be obtained in good yields directly from the corresponding 4-(1H-benzimidazol-2-yl)-1-phenyl(substituted phenyl)-2-pyrrolidinones 1a-e (Scheme 1) by heating them under reflux in an excess of hydrazine monohydrate. The synthesized hydrazides 2a-e were isolated from the reaction mixtures by diluting them with water. Hence, a simple method is proposed for the preparation of 3-(1H-benzimidazol-2-yl)-4-[(4-substituted phenyl) amino]butanohydrazides in a high yield, which are versatile precursors in the synthesis of a series of heterocyclic systems. One of the practical goals of this work was the synthesis of antibacterial compounds; a hydrazide fragment was used for the synthesis of functionalized azoles to evaluate their influence on antibacterial properties. Therefore, 2-[2-(5-oxo-1-phenylpyrrolidin-3-yl)-1H-benzimidazol-1-yl]acetohydrazide (4) was synthesized (Scheme 2). This compound was obtained from ester 3 which was synthesized by alkylating 1a with ethyl 2-chloroacetate. The hydrazinolysis of the ester was carried out under mild conditions in the boiling propan-2-ol.
The synthesis route of functionalized azoles is presented in Schemes 2-4. All oxadiazoles, 6, 11 and 16, were synthesized from hydrazides 2a, 4 and 5 and carbon disulphide in methanol, in the presence of potassium hydroxide, and the corresponding potassium dithiocarbazates were formed. The latter were converted to the respective oxadiazoles 6, 11 and 16 while acidifying them with hydrochloric acid.
The corresponding aminotriazoles 7, 12 and 17 were obtained by heating potassium dithiocarbazates with hydrazine monohydrate. The proton resonances at 5.30, 5.59 and 5.65 ppm, attributed to the NH 2 group of compounds 7, 12 and 17, confirmed the substitution at the 4th position of the triazole ring.
The reactions of hydrazides 2a, 4 and 5 with pentane-2,4-dione and hexane-2,5-dione were investigated. It was found that hydrazides 2a, 4 and 5 with hexane-2,5-dione gave compounds 8, 13 and 18 with a dimethylpyrrole ring. Hydrazides 2a and 5 with pentane-2,4-dione were cyclized into 2-pyrrolidinone derivatives during the reaction, probably due to the diketone acidity.
The starting compounds for the synthesis of phenylsubstituted triazoles -thiosemicarbazides 9, 14 and 19 were synthesized by refluxing the respective dihydrazides 2a, 4 and 5 with phenylisothiocyanate in 1,4-dioxane. The conversion of thiosemicarbazides 9, 14 and 19 to triazoles 10, 15 and 20 was carried out by refluxing them in the aqueous 5% NaOH solution with the subsequent acidification of the reaction mixture with hydrochloric acid.
The analysis of the aromatic region of the 1 H and 13 C NMR spectra compounds 10, 15 and 20 showed the additional spectral peaks characteristic of a phenyl ring. Table. A broad-spectrum antibiotic oxytetracycline was used as a positive control for S. aureus, E. coli, P. aeruginosa and B. cereus. The antibiotic was effective at the 62.5 μg/cm 3 concentration of MIC and MBC against the test strains S. aureus and B. cereus, and at 250 μg/cm 3 of MIC and MBC against E. coli and P. aeruginosa in vitro. The screening data for antibacterial activity have revealed that the majority of the synthesized compounds possess the antibacterial activity higher than that of oxytetracycline. Among hydrazydes 2 a-e, 4 and 5, an exceptional antibacterial activity was demonstrated by compound 2d containing a bromo substituent in the benzene ring with the MIC values of 0.98 μg/cm 3 and the MBC values of 1.95 μg/cm 3 against E. coli and S. aereus strains, which are almost 60 and 130 times, respectively, higher than those for the control. Hydrazide 4 demonstrated an exceptional antibacterial activity on all tested bacteria. Oxadiazole-5-thione derivatives 6, 11 and 16 containing an acyclic aliphatic chain or a pyrrolidinone moiety almost did not inhibit bacterial growth at all. The presence of an acyclic fragment -NH-NH-SC-NH-in semicarbazides 9, 14 and 19 containing an acyclic aliphatic chain did not inhibit bacterial growth at all, whereas 9, containing a pyrrolidinone moiety, exhibited an average antibacterial activity in comparison with the other screened compounds. Among the latter, an exceptional antibacterial activity has been demonstrated by 1,2,4-triazole-3-thiones 10, 15 and 20 with a phenyl substituent in the triazole ring, and the highest antibacterial activity was demonstrated among compounds with one 1,2,4-triazole fragment. The replacement of the benzene ring by NH 2 at the 4th position of the triazole ring in 7, 12 and 17 decreased the antibacterial activity against all tested bacteria strains. Pyrroles 8 and 18 showed a very good bactericidal activity against all tested bacteria.
Biology
CONCLUSIONS
In summary, a series of N-substituted γ-amino acid hydrazides bearing a benzimidazole moiety by the nucleophilic ring-opening reaction of pyrrolidin-2-one derivatives were obtained. On the basis of these compounds with a high antibacterial activity azoles were synthesized. N- (2,5- 
